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ABSTRACT 

Mechanical properties of a high hardness alloy steel containing microstructural 
banding were determined in both transverse (T-L) and longitudinal (L-T) orientations 
with respect to the rolling direction. Tests undertaken included tensile, Charpy impact, 
fracture toughness, stress corrosion and constant amplitude fatigue. The specimen 
orientation was found to have little influence on the tensile properties however, 
Charpy V-notch specimens tested in the L-T orientation showed impact energy values 
four times higher than those in the T-L orientation. When fatigue tested, 
microstructural banding in the steel caused secondary cracking normal to the primary 
crack direction which in turn was found to influence crack propagation and fracture 
resistance. Discontinuous bands normal to the direction of the primary fracture plane 
(L-T orientation) were beneficial in resisting crack extension whereas, when the bands 
were continuous (T-L orientation), they were detrimental to the overall fracture 
process. The morphology of secondary cracking in the L-T orientation was different to 
the secondary cracking observed in the T-L orientation. Secondary cracking in the L-T 
orientation promoted crack arrest and resulted in higher mechanical properties when 
compared with specimens tested in T-L orientation. 
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Fracture Studies on High Hardness BISALLOY 
500® Steel 

Executive Summary 

This study was undertaken to address to problems associated with cracking in the 
Australian Army's ASLAV 25 vehicles which are constructed using a high hardness 
armour steel. In the study, a steel similar to the armour steel was investigated and key 
properties were determined indicating tensile strength, fracture toughness, impact 
resistance, resistance to stress corrosion cracking and cyclic fatigue cracking. The 
characteristics chosen for investigation are those which provide an understanding of 
cracking problems, performance limits of the steel and assist in the development of a 
through-life support program which was requested by the Army for this type of 
armour. 

The strength and fracture toughness properties obtained were typical of this type of 
high hardness steel. In addition, this study identified that the armour steel was highly 
susceptible to stress corrosion cracking in an environment of natural seawater and it is 
therefore emphasised that appropriate protection of vehicle from such an environment 
must be provided to prevent the occurrence of extensive cracking. The study also 
found that slow cracking under fatigue loading was influenced by the microstructure 
in certain orientations relative to the rolling direction of the steel. 



Authors 

M.Z. Shah Khan 
Maritime Platforms Division 

Dr. M.Z. Shah Khan is currently a senior research scientist in 
Maritime Platforms Division. He has researched on the fracture 
and fatigue behavior of metallic materials in support of the 
structural integrity of Army and Naval platforms. His current 
interests are in the study of fracture, fatigue and behaviour under 
dynamic loading rates of naval composite materials. 

S.J. Alkemade 
Maritime Platforms Division 

Mr S.J. Alkemade is a Senior Professional Officer in the Maritime 
Platforms Division. He received his B. App. Sc. (Met.) from the 
Royal Melbourne Institute of Technology in 1977 and has worked 
at AMRL since 1978. He has worked extensively in the field of 
metallurgical failure analysis and is currently working on the 
ballistic protection of land systems. 

G.M. Weston 
Maritime Platforms Division 

George Weston has worked at the Aeronautical and Maritime 
Research Laboratory since graduating from RMIT in 1970, 
obtaining a Diploma in Secondary Metallurgy. During this period 
he has been involved in several areas of research, namely, 
solidification, secondary steel making, metal surfacing, and while 
on secondment in the UK, aspects of aircraft sabotage. Recent 
research has involved the interaction of materials and explosives as 
well as fire and smoke measurements on HMAS Derwent during 
the SSEP Trial. He currently manages work concerned with the 
ballistic protection of land vehicles. 



Contents 

1. INTRODUCTION 1 

2. EXPERIMENTAL PROCEDURE 1 
2.1 Material 1 
2.2 Tensile Tests 2 
2.3 Charpy Impact Tests 2 
2.4 Fracture Toughness Tests 2 
2.5 Stress Corrosion Cracking Tests 4 
2.6 Constant Amplitude Fatigue Tests 4 
2.7 Optical Metallography and Fractography 4 

3. RESULTS 4 
3.1 Tensile Tests 4 
3.2 Charpy Impact Tests 5 
3.3 Fracture Toughness 5 
3.4 Stress corrosion cracking behaviour 6 
3.5 Fatigue behaviour 6 
3.6 Microstructure and Fractography 6 

4. DISCUSSION 13 

5. CONCLUSIONS 14 

6. REFERENCES 15 





DSTO-RR-0130 

1. Introduction 

The Australian Army is currently deploying Light armoured vehicles (LAV's) to 
enhance troop mobility. To increase vehicle mobility and troop performance, vehicle 
manufacturers have turned to high hardness armour steel in reduced thickness to 
achieve a light-weight vehicle without compromising ballistic protection. In earlier 
batches of high hardness armour steel used in the fabrication of LAV 25 armoured 
vehicles, widespread cracking was reported either during or after fabrication [1]. This 
cracking has been generally designated as delayed cracking, the precise mechanism of 
which is unknown. Because of this, considerable uncertainty has been created in the 
steel's long term structural integrity. 

An earlier study showed that fatigue crack growth rates were sensitive to the type of 
load spectrum applied and that microstructural banding in the steel influenced the 
crack growth mechanism [2]. Banding is a common feature of hot rolled low alloy 
steels [3-6], and the theories regarding their formation are well postulated [7-9]. 
Microstructural banding, depending on its orientation with respect to the rolling 
direction, has also been shown to effect other mechanical properties including the 
fracture behaviour of steels [10-12]. 

The purpose of the present work was to characterise a high hardness steel, similar to 
the one used in LAV 25 vehicles, in terms of its tensile properties, fracture toughness, 
impact resistance, resistance to stress corrosion cracking and cyclic fatigue cracking. 
The range of characteristics chosen for investigation are those which provide a 
framework in designing structural materials for military application. In addition, these 
properties are important as they provide performance limits of the steel which could 
be used as a ready reference in defect tolerance, structural integrity and through-life 
structural support of the Australian Army ASLAV 25 vehicles. An attempt was also 
made to correlate the material properties and fracture behaviour with the banding 
orientation in the armour steel. 

2. Experimental Procedure 

2.1 Material 

The test material used was BISALLOY 500® steel having a hardness in the range of 
477-534 HB. Table 1 shows the as-supplied chemical composition of the steel plate, 
while Figure 1 illustrates optically the microstrucrure of the steel. An interesting 
feature in the steel's microstrucrure was banding which is due to segregation of 
microalloying elements during the hot rolling process. 
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Table 1: Chemical Composition of BIS ALLOY 500® steel as supplied by tlie vendor 

Chemical C           P         Mn        Si          S          Ni        Cr        Mo        Al         Ti       B-sol* 
Composition 

Ladle analysis, 0.32      0.025      0.70      0.30      0.008      0.35      1.20      0.25      0.07      0.03      0.002 
max. wt. %   

* Amount of Boron in solid solution 

In all tests, two specimen orientations were studied, one designated as L-T and the 
other T-L. The first and second letters in each designation indicate to the direction 
normal to the crack plane and the expected crack propagation direction respectively. 

2.2 Tensile Tests 

Tensile tests were conducted on a Riehle screw driven universal testing machine at a 
crosshead speed of approximately 0.01 mm/sec. Tensile specimens with a rectangular 
cross section were machine cut to a test gauge length of 50 mm, Figure 1. Specimens 
were machined with the gauge length parallel to the L-T and T-L orientations with 
respect to the plate rolling direction. The results reported for each orientation were the 
average of two tests. 

2.3 Charpy Impact Tests 

Tests were conducted on full size Charpy V-notch specimens at a temperature of 22°C. 
The specimen notch was aligned to the L-T and T-L orientations with respect to the 
plate rolling direction, Figure 1. Three specimens for each orientation were tested in a 
pendulum Charpy impact tester. 

2.4 Fracture Toughness Tests 

Fracture toughness tests were conducted using a servo-hydraulic test machine under 
load control. Compact tension type specimens were tested under quasi-static loading 
condition within the rate range recommended in ASTM E399 standard [13]. Prior to 
testing, specimens with machine notch were fatigue precracked to a starting a/W ratio 
of approximately 0.5, see Figure 1. Load versus crosshead displacement plot were 
obtained from tests and an arbitrary estimate of the fracture toughness, K max (MPa 
Vm), was carried out using the Pmax values in the appropriate K-solution given for a 
compact tension type specimen geometry [14]. 
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2.5 Stress Corrosion Cracking Tests 

Tests were carried out in circulating seawater (free corrosion potential) and humid 
environment (21 °C and 80% RH). Compact tension type specimens (Figure 1) in L-T 
orientation were fatigue precracked to a starting a/W ratio of approximately 0.5. The 
applied stress intensities were calculated using the K-solution as used before in the 
fracture toughness tests [14] [12]. Results were plotted showing the applied stress 
intensity versus time-to-failure. 

2.6 Constant Amplitude Fatigue Tests 

In these experiments, precracked compact tension specimens (same as in Figure 1) 
were fatigued at 5 Hz and 10 Hz using a zero-to tension sine waveform. The crack 
length was determined from changes in compliance measured during the tests. The 
applied stress intensity and crack length and were calculated using the solutions given 
in [14,15]. Results are presented in terms of crack growth rate, da/dN, versus stress 
intensity, AK. 

2.7 Optical Metallography and Fractography 

Optical metallography was carried out to reveal the microstructure and the banding in 
the steel with respect to the rolling direction. Examination of fracture surfaces of tested 
specimens was undertaken using a scanning electron microscope to ascertain the 
influence of banding in the fracture behaviour. 

3. Results 

3.1 Tensile Tests 

In these tests, results show that specimen orientation had only a small effect on the 
0.2% proof stress with specimens in L-T showing a marginally higher strength than 
those in T-L orientation. The ultimate tensile strength remained unaffected by 
specimen orientation whereas, elongation values in the L-T orientation were slightly 
higher than in T-L orientation, see Table 2. 
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Table 2: Tensile properties ofBISALLOY 5006 

Specimen            0.2% Proof                UTS                Elongation 
Orientation              Stress                   (MPa)                     (%) 
 (MPa)  

L-T 1340 1810 13 
L-T 1370 1820 12 

T-L 1290 1810 11 
T-L 1340 1810 11 

3.2 Charpy Impact Tests 

The Charpy V-notch energies obtained for the two orientations are shown in Table 3. 
In these tests the loading rate was much higher than the rate applied in the fracture 
toughness tests. Under this condition, a significantly higher fracture energy was 
observed for specimens with notches in L-T orientation when compared with the T-L 
orientation. 

Table 3: Charpy V-notch energy data for BISALLOY 500® 

Specimen                    Charpy V-notch 
Orientation f Energy (J) 

L-T' 41 
L-T 41 
L-T 41 

T-L 11 
T-L 12 
T-L 14 

' Using two letter codes such as T-S or L-T for specimen orientation, the first letter in the code designates 
the direction of the normal to the fracture plane and the second letter denotes the direction of the expected 
crack propagation; T, S and L are long transverse, short transverse and rolling directions respectively. 

3.3 Fracture Toughness 

Results from the fracture toughness tests are shown in Table 4. Toughness in the L-T 
orientation was slightly greater than in T-L orientation, a result consistent with the 
previous trend shown with Charpy impact specimens. 
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Table 4: Fracture toughness of BIS ALLOY 500® 

Notch 
Orientation 

Kmax 
(MPa.Vm) 

L-T 

T-L 

121 

111 

3.4 Stress corrosion cracking behaviour 

The BISALLOY 500® was found to be highly susceptible to stress corrosion cracking 
(SCC) failure when exposed in an environment of natural seawater; SCC failure 
occurred in a time-to-failure (tf) of 60 hours at an applied stress intensity (KaPPi) as low 
as 27.5 MPa Vm. Figure 2, plotted in the form of K,ppi versus (tf), illustrates the test 
results obtained in natural seawater and in an environment typical of that observed in 
the Australian tropics. In contrast to the results obtained in natural seawater the 
BISALLOY 500®, when exposed to tropical environment, showed no SCC failure after 
1000 hours even at a KaPPi as high as 85.4 MPa Vm. 

3.5 Fatigue behaviour 

Constant amplitude fatigue tests results showed that regions of the curves depicting 
stable fatigue crack growth were not influenced by the fatigue frequency in both T-L 
and L-T notch orientations, see Figures 3, 4, 5 and 6. However, the L-T orientation had 
noticeable effect on crack growth rates as shown in Figures 3,4 and 5. Crack growth 
retardation was observed at both 5 Hz and 10 Hz test frequencies however, the onset 
of retardation occurred at a higher stress intensity when the fatigue test frequency was 
at 5 Hz (Figure 5). 

3.6 Microstructure and Fractography 

Figure 1 shows the optical microstructure in the as-received condition. A significant 
feature was the microstructural banding approximately 5 (xm thick when viewed 
across the thickness of the plate. An electron microprobe analysis of the bands 
indicated segregation of elements Cr, Mo, Mn and Si, see Figure 7. The banding was 
observed to be continuous in the rolling direction whereas, the banding was 
discontinuous across the rolling direction, see Figure 1. This banding influenced 
significantly the cracking mechanism and the mechanical properties of the steel. SEM 
analysis of the fracture surfaces showed secondary cracking in a plane normal to the 
primary crack plane and coincided with the banding in the microstructure. For 
specimens with (T-L) orientation the secondary cracks were continuous and aligned 
with the banding, Figure 8a.The secondary cracks were discontinuous in specimens 
with (L-T) orientation and aligned with bands having similar nature of discontinuity, 
Figure 8b. 
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(b) 

Figure 8: SEM views of the fatigue fracture surfaces in (a) T-L and (b) L-T notch orientations. 
Small arrows indicate morphology of secondary cracking and large arrow indicates crack 
groivth retardation. The primary crack growth direction is from right to left. 

13 
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4. Discussion 

Microstructural banding has been known to influence the mechanical properties, 
fracture toughness and fracture behaviour of steels and the degree of their influence 
depend on the orientation of the test specimens relative crack growth direction [10-12]. 
Heiser and Hertzberg [10] categorised the influence of microstructural bands on 
impact resistance as crack arrester or crack divider in specimens with their primary 
crack front normal to the direction of banding. The authors found that samples in T-S 
and L-T orientations yielded higher Charpy V-notch fracture energy because of 
delamination cracking at segregation bands which occurred normal to the primary 
crack growth direction. In contrast, samples tested in S-L orientation yielded lower 
fracture energy due to the delamination cracking at segregation bands occurring in the 
primary growth direction. Thaulow et al [11] found fracture toughness depended 
strongly on the specimen orientation with respect to the elongated sulphide inclusions 
in controlled rolled C-Mn steel. The authors showed that elongated sulphide 
inclusions caused splitting similar in appearance to the secondary cracking reported in 
this study. In the present work, microstructural bands in BISALLOY 500® steel either 
appeared continuous or discontinuous depending on whether the specimen is in L-T 
or T-L orientation, Figure 1. When viewed from the direction where the crack front is 
normal to the rolling direction of the plate (L-T), the bands appear discontinuous. The 
bands however appear continuous when viewed from the direction (T-L) where the 
crack front is parallel to the rolling direction. Because of these differences in the 
orientation of the bands and their influence on the cracking behaviour, properties such 
as tensile strength, Charpy impact resistance, fracture toughness and fatigue resistance 
were inferior in the T-L orientation when compared with the same properties in L-T 
orientation. 

The examination of fracture surfaces showed two distinct morphologies of secondary 
cracking in the primary fracture plane. For specimens in (T-L) the secondary cracking 
observed coincided with the continuous layers of microstructural bands in the steel 
and appeared shallow giving a flat appearance to the primary fracture plane. For the 
specimen in the L-T orientation the secondary cracking which coincided with the 
discontinuous microstructural bands was deeper in the plane normal to the direction 
of the primary fracture plane and was considered the major factor in promoting crack 
arrest. 

In assessing a steel for military application, the role of secondary cracking should be 
taken into account. Although this study has shown that secondary cracking in 
specimens with L-T orientation was a beneficial factor in resisting slow fracture and 
fatigue crack progression, its presence may be detrimental to other critical properties 
such as shock and ballistic impact fracture resistance. 

14 



DSTO-RR-0130 

5. Conclusions 

The tensile mechanical properties, fracture toughness, fatigue and stress corrosion 
cracking behaviour of the BISALLOY 500® steel have been found to be influenced by 
banding in the microstructure. The presence of banding promotes secondary cracking 
at the leading edge of the primary crack which results in differences in the fracture 
morphology and fatigue crack rates. The secondary cracking which coincided with the 
direction of the continuous microstructural bands (T-L) resulted in a flat fracture 
appearance and an overall decrease in mechanical properties. In contrast, when the 
primary crack front passed through discontinuous banding as was the case for 
specimens in the L-T orientation, the fracture surface showed the initiation of 
secondary cracks normal to the fracture plane and caused the arrest of the primary 
crack front resulting in the improvement of fatigue crack growth resistance. In 
addition, Charpy impact and tensile properties were also higher in the L-T orientation. 

6. References 

[1]. R.H. Phillips, S.J. Alkemade, M.G.H. WeUs, T. Arnitt and M.W. Bright, 'Delayed 
fracture of high hardness armour steel', TTCP-PTP -1/9/90, December, 1990. 

[2]. M.Z. Shah Khan, S.J. Alkemade, G.M. Weston and D. Weise, 'Variable -amplitude 
fatigue testing of a high hardness armour steel', submitted for publication in the 
International J. of Fatigue, 1997. 

[3]. L.E. Samuels, 'Optical microscopy of carbon steels', ASM, Metals Park, OH, 1980, 
pp. 117-167. 

[4]. E.T. Turkdogan and R.A. Grange, J. of Iron and Steel Institute, Vol. 208,1970, pp. 
482-494. 

[5]. R.A. Grange, Metallurgical Transactions, 2,1971, pp. 417-426. 

[6]. S.W. Thompson and P.R. Howell, 'Factors influencing ferrite/pearlite banding and 
origin of large pearlite nodules in a hypereutectoid plate steel', Materials Science and 
Technology, Vol. 8, September 1992, pp. 777-784. 

[7]. C.F. Jatczak, D.J. Girardi and E.S. Rowland, Trans. ASM, 48,1956, pp. 279-303. 

[8]. P.G. Bastien, J.of Iron and Steel Institute, 187,1957, pp. 281-291. 

15 



DSTO-RR-0130 

[9]. J.S. Kirkaldy, J. von Destinon-Forstmann and R.J. Brigham, Can. Metall. Q., 1,1962, 
pp. 59-81. 

[10]. F.A. Heiser and R.W. Hertzberg, 'Structural control and fracture anisotropy of 
banded steel', J. of The Iron and Steel Institute, Vol. 209, Part 12, December 1971, pp. 
975-980. 

[11]. C. Thaulow, A.J. Paauw, A. Gunleiksrud and J. Troset, 'Fracture mechanical 
properties in controlled rolled C-Mn thermomechanically treated steels with 
splittings', Engineering Fracture Mechanics, Vol. 24, No. 2,1986, pp. 263-276. 

[12]. B. Faucher and B. Dogan, 'Evaluation of the fracture toughness of hot-rolled low- 
alloy Ti-V plate steel', Metallurgical Transactions, Vol. 19A, March 1988, pp. 505-516. 

[13]. ASTM Standard E 399. 

[14]. J.E. Srawley, 'Wide range stress intensity factor expressions for ASTM Method E399 
standard fracture toughness specimens', Int J Fract 12 1976, pp 475-476. 

[15]. A. Saxena and S.J. Hudax. Jr., 'Reviews and extension of compliance information for 
common crack growth specimens', Int J Fract 14 5 ,1978, pp 453-468. 

16 



DISTRIBUTION LIST 

Fracture Studies on High Hardness BISALLOY 500 ® Steel 

M.Z. Shah Khan, S.J. Alkemade and G.M. Weston 

AUSTRALIA 

DEFENCE ORGANISATION 

Task Sponsor 
MAJ. K. Jorgensen, S02 Close Combat - Heavy, DGFD-L, Russell Offices 

(B-3-19), Canberra 

S&T Program 
Chief Defence Scientist 1 
FAS Science Policy f shared copy 
AS Science Corporate Management J 
Director General Science Policy Development 
Counsellor Defence Science, London (Doc Data Sheet) 
Counsellor Defence Science, Washington (Doc Data Sheet) 
Scientific Adviser to MRDC Thailand (Doc Data Sheet) 
Director General Scientific Advisers and Trials/ Scientific Adviser Policy and 

Command (shared copy) 
Scientific Adviser - Army 
Director Trials 

Aeronautical and Maritime Research Laboratory 
Director 

Chief of Maritime Platforms Division 
Research Leader:  J.C Ritter 
Task Manager: G.M. Weston 
Author(s):   M.Z. Shah Khan, S.J. Alkemade 
S. Cimpoeru 

DSTO Library 
Library Fishermens Bend 
Library Maribyrnong 
Library Salisbury (2 copies) 
Australian Archives 
Library, MOD, Pyrmont (Doc Data sheet only) 

Capability Development Division 
Director General Maritime Development (Doc Data Sheet only) 
Director General Land Development 
Director General C3I Development (Doc Data Sheet only) 

Army 
DGGAWS, Russell Offices (J-2-Exec Suite), Canberra 



BRIG N. Graham, ATEA (for Commander, Library) 
Mr L. Dowling, MW Project Head, ATEA 
DVSP, Russell Offices 0-4-42), Canberra 
COL. S. Quinn, Director, Capability Development, Milpo, Puckapunyal 
LTCOL P. Acutt, PD M113 Upgrade, Russell Offices (J4-16), Canberra 
LTCOL W. Feakes, PD Bushranger, Russell Offices (J4-34), Canberra 
LTCOL J. Harriot, PD ASLAV,  Russell Offices 0-4-34), Canberra 
LTCOL A. Hunter, PD Leopard Tank, Russell Offices (J4-12A), Canberra 
LTCOL S. Salmon, School of Armour, Hopkins Barracks, Puckapunyal 
S02 Mounted Combat, capability development wing, Milpo, Puckapunyal 
ABCA Office, G-l-34, Russell Offices, Canberra (4 copies) 
SO (Science), DJFHQ(L), MILPO Enoggera, Queensland 4051 
NAPOC QWG Engineer NBCD c/- DENGRS-A, HQ Engineer Centre Liverpool 

Military Area, NSW 2174 
CONMEA, Melbourne 
WOl D. Martin, Light A Vehicles, MEA, Melbourne 
MAJ M.Hall, DEME-A, Milpo, Bandiana, Vic. 

Intelligence Program 
DGSTA Defence Intelligence Organisation 

Corporate Support Program (libraries) 
OIC TRS, Defence Regional Library, Canberra 
Officer in Charge, Document Exchange Centre (DEC), 1 copy 
*US Defence Technical Information Center, 2 copies 
*UK Defence Research Information Centre, 2 copies 
*Canada Defence Scientific Information Service, 1 copy 
*NZ Defence Information Centre, 1 copy 
National Library of Australia, 1 copy 

UNIVERSITIES AND COLLEGES 

Australian Defence Force Academy 
Library 
Head of Aerospace and Mechanical Engineering 

Deakin University, Serials Section (M list), Deakin University Library 
Senior Librarian, Hargrave Library, Monash University 
Librarian, Flinders University 

OTHER ORGANISATIONS 

NASA (Canberra) 
AGPS 

OUTSIDE AUSTRALIA 

ABSTRACTING AND INFORMATION ORGANISATIONS 
INSPEC: Acquisitions Section Institution of Electrical Engineers 
Library, Chemical Abstracts Reference Service 
Engineering Societies Library, US 



Materials Information, Cambridge Scientific Abstracts, US 
Documents Librarian, The Center for Research Libraries, US 

INFORMATION EXCHANGE AGREEMENT PARTNERS 
Acquisitions Unit, Science Reference and Information Service, UK 
Library - Exchange Desk, National Institute of Standards and Technology, US 

ADDITIONAL 
Mr W. Gooch & Dr S.C. Chou, US Army Research Laboratory, Aberdeen 

Proving Ground, Aberdeen, Maryland 21005-5066 USA (1 copy each) 

Mr M. Szymczak, Defence Research Establishment, Valcartier 2459 Pie XI Blvd. 
North, Val-Belair Qc G3J1X5, Canada 

Mr S. Hawkins, Bisalloy Steels Pty. Ltd. P.O. Box 231, Unanderra 2526, NSW 

SPARES (10 copies) 

Total number of copies:       77 



Page classification: UNCLASSIFIED 

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION 
DOCUMENT CONTROL DATA 

2. TITLE 

Fracture Studies on High Hardness BISALLOY 500® Steel 

4. AUTHOR(S) 

M.Z. Shah Khan, S.J. Alkemade and G.M. Weston 

6a. DSTO NUMBER 
DSTO-RR-0130 

8. FILE NUMBER 
510/207/0751 

6b. AR NUMBER 
AR-010-523 

1. PRIVACY MARKING/CAVEAT (OF 
DOCUMENT) 

3. SECURITY CLASSIFICATION (FOR UNCLASSIFIED REPORTS 
THAT ARE LIMITED RELEASE USE (L) NEXT TO DOCUMENT 
CLASSIFICATION) 

Document (U) 
Title (U) 
Abstract (U) 

5. CORPORATE AUTHOR 

Aeronautical and Maritime Research Laboratory 
PO Box 4331 
Melbourne Vic 3001 Australia 

6c. TYPE OF REPORT 
Research Report 

9. TASK NUMBER 
97/113 

10. TASK SPONSOR 
ADL 

13. DOWNGRADING/DELIMITING INSTRUCTIONS 

7. DOCUMENT DATE 
March 1998 

11. NO. OF PAGES 
16 

12. NO. OF 
REFERENCES 
15 

14. RELEASE AUTHORITY 

Chief, Maritime Platforms Division 

15. SECONDARY RELEASE STATEMENT OF THIS DOCUMENT 

Approved for public release 

OVERSEAS ENQUIRIES OUTSIDE STATED LIMITATIONS SHOULD BE REFERRED THROUGH DOCUMENT EXCHANGE CENTRE, DIS NETWORK OFFICE, 
DEPT OF DEFENCE, CAMPBELL PARK OFFICES, CANBERRA ACT 2600  
16. DELIBERATE ANNOUNCEMENT 

No Limitations 

17. CASUAL ANNOUNCEMENT Yes 
18. DEFTEST DESCRIPTORS 

High alloy steels, mechanical properties, Charpy impact tests, fracture tests, fatigue tests, banding, tensile properties 

19. ABSTRACT 

Mechanical properties of a high hardness alloy steel containing microstructural banding were 
determined in both transverse (T-L) and longitudinal (L-T) orientations with respect to the rolling 
direction. Tests undertaken included tensile, Charpy impact, fracture toughness, stress corrosion and 
constant amplitude fatigue. The specimen orientation was found to have little influence on the tensile 
properties however, Charpy V-notch specimens tested in the L-T orientation showed impact energy 
values four times higher than those in the T-L orientation. When fatigue tested, microstructural banding 
in the steel caused secondary cracking normal to the primary crack direction which in turn was found to 
influence crack propagation and fracture resistance. Discontinuous bands normal to the direction of the 
primary fracture plane (L-T orientation) were beneficial in resisting crack extension whereas, when the 
bands were continuous (T-L orientation), they were detrimental to the overall fracture process. The 
morphology of secondary cracking in the L-T orientation was different to the secondary cracking 
observed in the T-L orientation. Secondary cracking in the L-T orientation promoted crack arrest and 
resulted in higher mechanical properties when compared with specimens tested in T-L orientation. 

Page classification: UNCLASSIFIED 



^ 

DSTO* 
AUSTRALIA 

AERONAUTICAL AND MARITIME RESEARCH LABORATORY 
GPO BOX 4331 MELBOURNE VICTORIA 3001 

AUSTRALIA,  TELEPHONE (03) 9626 7000 

TO 
rn 
CO 
rn 
> 
■pa n 
X 
TO 
rn 
-o o 
TO 

o 
00 


